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A Rayleigh-Brillouin scattering spectrometer for ultraviolet wavelengths 
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A spectroraeter for the measurement of spontaneous Rayleigh-Brillouin scattering line profiles at ultraviolet 
wavelengths from gas phase molecules has been developed, employing a high-power frequency-stabilized UV- 
laser with narrow bandwidth (2 MHz). The UV light from a frequency-doubled titaniumisapphire laser is 
further amplified in an enhancement cavity, delivering a 5 Watt UV-beam propagating through the interaction 
region inside a scattering cell. The design of the RB-scattering cell allows for measurements at gas pressures 
in the range — 4 bar and at stably controlled temperatures from — 30°C to 70° C. A scannable Fabry-Perot 
analyzer with instrument resolution of 232 MHz probes the Rayleigh-Brillouin profiles. Measurements on N2 
and SFe gases demonstrate the high signal-to- noise ratio achievable with the instrument, at the 1% level at 
the peak amplitude of the scattering profile. 

PACS numbers: 33.20.Fb; 07.60.Ly; 51.40.+p 



I. INTRODUCTION 

Rayleigh-Brillouin (RB) light scattering is a powerful 
method to investigate intrinsic thermodynamic material 
properties, such as thermal diffusivity, speed of sound, 
heat capacity ratios, and relaxation times of various dy- 
namical processes occurring in media. Immediately after 
the invention of the laser as a source of narrow band- 
width radiation in the 1960s, techniques were developed 
to measure the characteristic scattering profiles, resolving 
the Brillouin doublet peaks shifted from a central elas- 
tic Rayleigh peak, first in the liquid and solid phasei^ 
and subsequently in the gas phase^. During the 1970s 
detailed studies on RB-scattering in gas phase media 
were performed, in particular on molecular hydrogen^, on 
molecular nitrogen^, on various polyatomic gases exhibit- 
ing internal relaxation^, and on deriving scaling laws for 
the noble gases^. Over the years various formalisms were 
derived to describe the spectral scattering profiles based 
on density fiuctuations in the hydrodynamic regime^ and 
in the kinetic regime^'»iS. The latter models, that have 
become known as the Tenti- models, have been most suc- 
cesfull in describing RB-scattering over a wide range of 
conditions, including the transition from the kinetic to 
the hydrodynamic regime. In particular, in recent stud- 
ies the 6-component version of the Tenti-model^^ (Tenti 
S6) was found to accurately describe the RB-scattering 
profile in various atomic and molecular gase^ and in 
air^^. 

The Rayleigh-Brillouin scattering profile can be mea- 
sured by different means. The direct method analyzes the 
scattered light via a Fabry-Perot interferometer, as was 
pursued in the early studies^ Later various forms of 
optical beating were pursued^^^^^, including superhetero- 
dyne techniques making use of frequency tunable lasers 



While most studies have been directed towards measur- 
ing the spectral profiles in spontaneous RB-scattering, 
in the last decade also methods were developed for the 
investigation of coherent RB-scattering^^^^. 

In this paper, we describe an apparatus to accurately 
measure spectral profiles of Rayleigh-Brillouin scattering 
in molecular gases at ultraviolet wavelengths. The appa- 
ratus employs a high-intensity continuous-wave narrow- 
band laser source in the ultraviolet range, extended with 
an enhancement cavity yielding 5 W of scattering power 
to record the RB-profiles at 1% peak-intensity fiuctua- 
tions even at sub-atmospheric pressures. Such accurate 
assessment of the scattering profiles of air at atmospheric 
and sub-atmospheric pressures is required for implemen- 
tation in modern Doppler-wind remote sensing applica- 
tions as envisioned for the ADM- Aeolus satellite mission 
of the European Space Agency (ESA)^. 



II. EXPERIMENTAL APPARATUS 

The experimental apparatus for measuring Rayleigh- 
Brillouin scattering is sketched in Fig. [TJ It consists 
of a narrowband tunable laser source with an external 
frequency-doubling cavity for the production of UV-light, 
an RB-scattering cell mounted inside an enhancement 
cavity for increasing the effective scattering power, and a 
Fabry-Perot Interferometer (FPI) for analyzing the spec- 
tral profile of the scattered light. The choice was made to 
detect at a 90° scattering angle. The apparatus and the 
comprising units are further described in the following 
subsections. 



Characteristics of the laser source 
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The laser system is based on a continuous-wave (cw) 
Titanium: Sapphire (Ti:Sa) ring laser (Coherent 899-21), 
pumped by a frequency-doubled Nd:YV04 pump laser 
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FIG. 1. Schematic of the experimental apparatus. The Ti:Sa laser, pumped by a 10 W Millennia Xs pump laser, yields after 
frequency doubling (in an LBO crystal) in an external enhancement cavity a cw power of 500 mW at a UV-wavelength of 
366.8 nm. The UV laser beam is then directed into a second enhancement cavity for amplification by a factor of 10. The 
RB-scattering cell is placed in the intra-cavity focus of the UV beam to ensure a maximum scattering intensity. Scattered light 
is collected at 90° with respect to the beam direction. The geometrically filtered scattered light is directed to the Fabry-Perot 
Interferometer (FPI), which has a 232 ±4 MHz instrumental linewidth. The photons transmitted by the FPI are detected by a 
photo- multiplier tube (PMT). Note that a small fraction of the UV- light transmitted through mirror M5 is used as a reference 
beam for aligning beam paths and for characterizing the detecting system. Mirrors, lenses and diaphragms are indicated with 
Mi, Li and D^. 



(Spectra-Physics Millennia Xs) with 10 W power at 532 
nm. The wavelength of the TiiSa laser is tunable in the 
range 690 to 1100 nm, with a maximum output power 
more than 2 W near 800 nm. While at its second har- 
monic (corresponding to 400 nm) in excess of 1 W could 
be produced, the actual wavelength for RB-scattering 
was chosen deeper into the UV, compromising between 
a high scattering cross section and high achievable UV- 
powers; though in many remote sensing LIDAR appli- 
cations 355 nm is the wavelength of choice, most of the 
experiments were carried out at 366.8 nm, where the UV 
yield of the laser system is much higher. For this setting 
the Ti:Sa laser produces 1.5 W at 733.6 nm at 1 MHz 
bandwidth. 

An external frequency-doubling cavity, with a 
brewster-cut lithium-triborate (LiBaOs; LBO) nonlinear 
crystal mounted in the focus was employed for efficient 
production of UV light. Methods of impedance matching. 



phase matching, mode matching and locking the cavity 
by a Hansch-Couillaud scheme were detailed in a previ- 
ous report from our laboratory^^. This unit delivers an 
output power of more than 500 mW at 366.8 nm, with a 
bandwidth estimated at 2 MHz. This narrow bandwidth 
is the reason for choosing a CW laser source. While 
pulsed lasers might have some advantages in noise re- 
jection and detection, a bandwidth of 2 MHz cannot be 
achieved with pulsed lasers suffering from Fourier limita- 
tions. 



Locking the Ti:Sa laser to a reference cavity ensures a 
frequency drift Hmited to 18 MHz per hour, as measured 
by a wave meter (ATOS Lambdameter), which itself ex- 
hibits a drift limited to 10 MHz/hour. Therefore, the 
actual drift of the frequency is expected to be less than 
36 MHz/hour at UV wavelengths. 
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B. Scattering Cell and Enhancement Cavity 

To achieve a high scattering signal, amphfication of the 
UV laser beam is accomplished by a second enhancement 
cavity, similarly built as the frequency-doubling cavity: a 
flat input coupler Mg, a small flat mirror Mg attached to a 
piezo tube for Hansch-Couillaud locking, and two curved 
mirrors and M7 with —75 mm radius-of-curvature. 
The center of the RB scattering cell is placed at the mid- 
point of Mg and Mg, where the UV laser beam is focused 
to ~ 200 jam by the lens Leg foi" mode matching of the 
in-coupling beam to the cavity. This enhancement cavity 
yields a power enhancement of 10 times at 366.8 nm, thus 
delivering a UV-light intensity of 5 W in the scattering 
volume. 

Fig. [2] displays a side view of the RB-scattering cell 
mounted inside the enhancement cavity. The trapezoidal 
shape of the cell, with a 34° leg-to-base angle, maintains 
the windows tilted at Brewster's angles for 366.8 nm to 
reduce reflection losses and to introduce a polarization- 
dependent element required for Hansch-Couillaud lock- 
ing. The RB scattering signal is collected from the cen- 
ter of the cell, with a direction perpendicular to the inci- 
dent beam. Two additional windows, with anti-reflection 
coatings on both sides, are mounted at the front and rear 
surfaces of the cell, in order to transmit the alignment 
laser beam and the Rayleigh-Brillouin scattered light in 
the direction of the detector. 

The gas is let in and pumped out through the valve 
mounted on the top of the RB-scattering cell. The win- 
dows, sealed with viton 0-rings, allow for a pressure vari- 
ation from bar to 4 bar. Four Peltier elements (indi- 
cated in red), disciplined by a temperature controlled 
water cooling system, can be used both as coolers and 
heaters and allow for a temperature variation of the gas 
sample from — 30°C to 70° C. The temperature of the cell 
and the gas contained inside is measured by two Pt-100 
elements stuck to the top right and bottom left corners of 
the cell. At two extreme conditions, namely — 30°C and 
70°C, these two elements display less than 0.5°C reading 
difference, indicating that the temperature distribution 
is homogeneous. The cell itself, machined from solid alu- 
minum, is capable of maintaining the temperature of the 
sample gas constant over a measuring period of typically 
3 hours. 

Several measures are taken to reduce stray light reach- 
ing the detector to a minimum level. Two pairs of pin- 
holes. Pi with 1 mm in diameter and P2 with 1.5 mm 
in diameter, are placed along the beam path to filter 
out the UV light scattered from the cavity mirrors Mg 
and Mg as well as from the surfaces of the Brewster-cut 
entrance and exit windows for the UV-laser beam (see 
Fig. [2]). The remaining reflections from the two sides of 
the exit window are captured and absorbed by two light 
traps, drilled inside the bottom of the cell and painted 
black inside. By aligning the incident and the reflected 
beams to pass exactly through the center of each pinhole, 
it is ensured that only the light scattered by the gaseous 



molecules will be detected. 



C. Light collection and alignment 

Scattered light is collected from the scattering volume 
inside the cell by a sequence of optical elements, which 
have the function to select a narrow opening angle for 
the scattered light, therewith defining the scattering ge- 
ometry, to convert the scattered light into a collimated 
beam that can be accepted by the FPI analyzer, and to 
reduce the amount of stray light reaching the detector. 

A low power auxiliary UV laser beam, leaking through 
mirror M5 (in Fig. [1]) is used to adjust the beam clean- 
ing optics and to align and characterize the FPI. This 
reference laser beam is aligned to exactly cross the RB- 
scattering interaction volume and is subsequently used 
to fine- adjust the lenses L4 to Lq and to center the di- 
aphragms Di and D3. The light emerging from the inter- 
action volume is mode-cleaned by a spatial filter S2 (di- 
ameter 50 /im) in combination with two confocal lenses 
L5 and Le (both / = 50 mm). The collimated output 
of the light cleaning section is further narrowed by di- 
aphragm D3 (2.5 mm diameter) and is coupled by lens 
Lpp to the FPI. This sequence of optics serves to match 
the acceptance mode profile of the FPI, while the nar- 
row acceptance toward the FPI effectively reduces stray 
light originating from other locations than the scattering 
center. 

The opening angle of the RB-scattering geometry is 
controlled by the diaphragm Di. Its diameter is kept at 
0.8 ± 0.2 mm, while Di is placed 31 ± 1 mm away from 
the scattering center, thus yielding an opening angle of 
0.7 ± 0.2°. To assess the effect of angular alignment of 
the scattering geometry RB-scattering profiles are simu- 
lated by the Tenti-S6 model. RB profiles have been cal- 
culated for N2 at 1 bar and 24° C, assuming the scattering 
to 89°, 90° and 91°, respectively. The scattering profiles 
are normalized and compared in Fig. [3] (a). Deviations 
between these spectra, as plotted in Fig. [3] (b), indicate 
that for near-perpendicular scattering geometries ampli- 
tude deviations of up to 1 percent may occur as a result 
of a wrong estimation of the scattering angle by 1°. 



D. Fabry-Perot Interferometer 

To measure the RB scattering profile, a Fabry-Perot 
Interferometer, consisting of a flat in-coupling mirror 
and a concave out-coupling mirror, has been constructed. 
The rear sides of both mirrors (Mio and Mn) are anti- 
reflection coated for 366.8 nm to minimize losses. The 30' 
wedge on the in-coupler (Mio) serves to suppress mode 
structure arising from the reflections between its surfaces. 
Compromised by the coupling efficiency and the finesse, 
the reflectivity of the out-coupling mirror (Mn) is cho- 
sen to he R = 99.0 ± 0.2% for 366.8 nm. For impedance 
matching the reflectivity of the in-coupling mirror (Mio) 
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FIG. 2. Side view of the RB-scattering cell. The UV beam enters the enhancement cavity through mirror Ms. Pi and P2 are 
pinholes for blocking photons scattered from the mirrors and the windows. Ft 100 elements are temperature sensors. 
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FIG. 3. (a) Rayleigh-Brillouin scattering profiles for 1 bar 
N2 at 24° C simulated with the Tenti S6 model for scatter- 
ing angles of 89° (black), 90° (red) and 91° (blue). Ah the 
spectra are normalized to area unity for comparison, (b) Cal- 
culated deviations of RB-scattering profiles measured at 89° 
and 91° from that measured at 90°. The deviation are shown 
in percentages of the peak amplitude at 90° . 



is chosen to be = 98.0 ± 0.2%. With these choices and 
settings the in-coupling efficiency is around 75% when 
the FPI is on resonance. 

This plano-concave interferometer is in fact a folded 
spherical FPI sharing the advantages of a high light gath- 
ering power, proportional to the resolving power, and 
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FIG. 4. (a) The design of the Fabry-Perot Interferometer. 
The in-coupling mirror Mio is flat and wedged by 30'. The 
out-coupling mirror Mn is a concave mirror, with radius of 
curvature being —10 mm. The distance between these two 
mirrors is adjusted to be 5 mm. Thus the focal point O of Mn 
is on the left surface of Mio. The out-coupler is mounted on a 
piezo for scanning, (b) A confocal Fabry-Perot Interferometer 
consisting of two concave mirrors both with the same radius 
of curvature as Mn . This FPI is shown to explain the fourfold 
mode pattern in the plano-concave interferometer. 



its insensitivity to small variations of incident angle^^. 
In Fig. |4] the folded plano-concave FPI of length Li (in 
panel (a)) is compared with the fully confocal FPI of 
length 1/2 = 2Li. By carefully setting the mirror spacing 
to 5 mm, the focal point of Mn, which has a radius of 
curvature r of — 10 mm, is pointing on the left surface 
of Mio- The in-coupling lens Lpp, with a focal length 
of / = 50 mm, is positioned such that its focal point 
coincides with that of Mn. Hence, the collimated light 
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beam incident from the light cohection section, is mode 
matched to couple into the FPL The out-coupling mir- 
ror Mil is mounted on a piezo tube which serves as the 
scanning element to retrieve the RB-scattering spectra. 



1. Free Spectral Range 

For a FPI with two plane mirrors, the free spectral 
range (FSR) is c/2nL, resulting from the self interference 
of light beams between round trips (2nL), where n is the 
refractive index of the material in between mirrors, L the 
distance between the mirrors, and c the speed of light in 
vacuum. The FPI is operated under ambient conditions. 
For a confocal FPI with mirror separation L equal to the 
common radius of curvature r of both mirrors, it can be 
shown in a ray-tracing analysis that optical rays retrace 
their paths after four successive reflections^^. This results 
in a FSR of c/AnL for the confocal geometry as displayed 
in Fig. Efb). Therefore, the effective FSR of our plano- 
concave FPI of length Li, mimicked by a spherical FPI 
of length 1/2 is 

= TT^ - 7.5 GHz (1) 

As discussed in Ref. [22|, however, if the incident beam 
is spatially coherent, additional interferences between dif- 
ferent light rays in the confocal FPI can occur. For in- 
stance, after two reflections, the ray indicated in blue 
arrow in Fig. [Sfb) will follow the same path as the ray 
indicated in purple arrow, and interference can occur. 
This phenomenon effectively enlarges the FSR by a fac- 
tor of 2. However, this does not occur for incoherent 
light as produced in RB-scattering. In addition, if the 
incident beam is extremely paraxial, the plano-concave 
FPI almost works as a plane FPI, yielding an effective 
FSR of c/2nl/i, corresponding to ^ 30 GHz. 

These phenomena are experimentally demonstrated by 
recordings of FPI transmission fringes by (i) making use 
of the spatially coherent reference laser beam leaking 
through mirror M5 and aligned paraxially through the 
scattering cell, and (ii) by monitoring the transmission 
fringes of RB incoherently scattered light. Results are 
shown in Fig. [5l The FPI transmission fringes for the 
reference laser are monitored by continuously scanning 
its frequency, while keeping the FPI-mirrors at fixed dis- 
tance; here the frequency separations are calibrated with 
an ATOS- wavelength meter, having a relative accuracy 
better than 50 MHz. The FPI transmission pattern 
shows the major fringes with separations of ~ 30 GHz 
corresponding to the paraxial alignment of the reference 
beam (FSR=c/2nLi). The center fringe at GHz in 
Fig. [5] results from the wave- vector mismatch of the ad- 
ditional interferences in the plano-concave FPI. The two 
smaller peaks are due to the incomplete coherence of the 
reference bean>^. The measurements of transmission 
fringes for RB-scattered light were performed by keep- 
ing the laser frequency fixed and by scanning the piezo- 
voltage on the FPI, and performing the calibration by 
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FIG. 5. The FPI transmission curve probing the output of the 
coherent UV-laser is indicated by the (black) dots. The full 
(blue) curves represent the FPI-transmission of the Rayleigh- 
Brillouin scattered light. Since the scattered light is not spa- 
tially coherent nor fully paraxial, the amplitude of all modes 
connected to the four-transit path interference appear equally 
strong. 
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FIG. 6. The transmission intensity of the FPI with respect to 
the frequency change of the reference laser. The Lorentzian 
linewidth of the transmission curve indicates the width of the 
instrument function, being 228.8 ±1.4 MHz in this specific 
measurement. 



interpolation (see below in section UlI Ap . These spectra 
show all four modes, spaced by ~ 7.5 GHz, as expected 
for incoherent light. 



2. Instrument Function 

The instrument function of the FPI is characterized in 
the same way as the FSR in a continuous scan of the 
UV-laser. Fig. [6] shows a typical measurement of the 
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FPI transmission function. The experimental data (black 
dots) are fitted to a Lorentzian profile function (indicated 
in red curve), delivering a line width of 228.8 ±1.4 MHz 
for this specific measurement. Reproducibility tests yield 
a mean value of 232 ± 4 MHz for the fringe width, which 
then determines the resolution Aj of the FPI Rayleigh- 
Brillouin spectrum analyzer. The laser bandwidth (2 
MHz) is so small that it does not effectively contribute 
to the instrument linewidth of the FPI. 



III. EXPERIMENTAL METHODS 8i RESULTS 
A. Data Processing Procedure 

Rayleigh-Brillouin scattering profiles are measured by 
scanning the length of the FPI, while keeping the laser 
frequency fixed. An amplified computer-controlled volt- 
age is applied to the piezo tube attached to the FPI out- 
coupling mirror Mn. Typical scans cover a voltage in- 
creasing from V to 500 V at step sizes of 0.05 V. The 
piezo retracts over a maximal distance of 4.5 /im, result- 
ing in frequency scans of tens of effective FSR's. Data 
acquisition proceeds by detecting the transmitted light 
by a photo-multiplier tube (PMT) at typical exposure 
times of 1 s per step. 

Fig. [7] illustrates the measurement and calibration pro- 
cedures for determining the RB scattering profiles. Part 
(a) shows an example measurement of an RB scatter- 
ing time trace for N2 at 3 bar, recorded at 23.6°C for 
1.8 hours (6500 seconds). Along the vertical axis the 
absolute number of photon counts detected per second 
is plotted. The horizontal (red) bars in Fig [Tl^a) con- 
necting the main transmission fringes separated by 30 
GHz, show a non-linearity along the time axis. There 
are several causes for this phenomenon: (i) the nonlinear 
conversion of piezo voltage into distance in the FPI; (ii) 
a temperature-induced drift of the FPI; (iii) frequency 
drift of the laser. The first effect gives the dominant con- 
tribution. The measuring time traces are linearized and 
converted to a frequency scale by fitting the transmis- 
sion peaks to a series of Lorentzians, and subsequently 
linearizing the horizontal scale by matching the peak sep- 
arations to the measured FSR. This results in the se- 
ries of RB profiles along a frequency axis as displayed 
in Fig. [Tl^b). This series of RB-profiles are cut at the 
midpoints between the transmission peaks into individual 
RB-profiles. The individual spectra are finally added and 
normalized to area unity to yield a final RB-scattering 
profile as shown in Fig[71^c). 

The experimental profile may be compared to a the- 
oretical description in terms of the Tenti S6 mode l^^ . 
The calculated S6 curves are convolved with the mea- 
sured instrument function of width 232 MHz; the fact 
that the series of overlapping RB-profiles measured by 
the FPI never reaches the zero level is accounted for (see 
also Ref. [ll|). A result of the convolved S6 model is 
shown as the full (red) line in Fig[71^c). 
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FIG. 7. (a) The recorded RB scattering intensity from N2 
at 3 bar and 23.6° C for 90° scattering angle. The exposure 
duration of the photon multiplier tube is 1 s for each data 
point, (b) The RB scattering intensity on the horizontal scale 
converted to a frequency axis, (c) The final RB scattering 
profile (indicated in black dots), averaged from the spectra 
in (b) and normalized in unit area. The red curve is the 
calculated theoretical Tenti S6 model for comparison. Fig. 
(d) shows the difference between the measurement and the 
Tenti S6 model, in percentage of the maximum amplitude. 
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FIG. 8. (a) The normalized Rayleigh-Brillouin scattering pro- 
files of N2 measured at three different temperatures: — 18.4°C 
(black), 23.6° C (red) and 63.5° C (blue). The number density 
N of the molecules inside the RB scattering cell is kept the 
same for all three measurements; it corresponds to a pressure 
of 3 bar at 23.6° C. (b) The deviations (in percentage of max- 
imum amplitude of the scattering profile) of the scattering 
profiles at the other two temperatures from that at 23.6° C. 



In the final panel (Fig.[7fd)) the residuals between the 
Tenti S6 model and experiment are shown on a percent- 
age scale (of the full amplitude). This final result in- 
dicates that the difference between measured RB-profile 
and the Tenti S6-theory are at the 1% level of the maxi- 
mum amplitude, with some outliers to the 2% level. The 
result of Fig. [7fd) also demonstrates that the rms mea- 
surement noise in the neighborhood of the RB-peak am- 
plitude is at the 1% level. 



B. Temperature-dependent Rayleigh-Brillouin scattering 

To demonstrate the capabilities of the instrument to 
record RB-scattering profiles as a function of the gas 
temperature, measurements were performed for molecu- 
lar nitrogen gas at three temperatures: — 18.4°C, 23.6°C 
and 63.5° C. The measurements pertain to pressures of 
approximately 3 bar; the molecular number density was 
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FIG. 9. Normalized scattering profiles of SFe at 200 mbar 
(indicated in black) and 3000 mbar (indicated in red). 



kept constant by following a procedure of filling the cell 
at 3 bar at room temperature, and subsequently lower- 
ing or increasing the temperature while keeping the cell 
sealed; the pressures are then, 2560, 3000 and 3400 mbar 
respectively, calculated from the ideal gas law. 

To avoid ice condensation on the windows of the light 
scattering cell at temperatures below the freezing point, 
significantly reducing the enhancement of the cavity and 
resulting in large amounts of stray light, the cell is placed 
inside an isolated box with a flush of dry N2 . The result- 
ing RB-profiles are normalized to area unity and com- 
pared in Fig. [HI indicating a shift of the Brillouin side 
peaks from the center as temperature increases. The 
central Rayleigh peak is broadened due to temperature- 
dependent Doppler Broadening. 

Figure [Sfb) displays the differential temperature ef- 
fects, whereby the experimental RB-profiles recorded at 
elevated temperature (63.5°C) and lower temperature (- 
18.4° C) are plotted, after subtraction of the profile mea- 
sured at room temperature. It is demonstrated that the 
temperature effects in this range result in deviations of 
about 10% of the peak amplitudes. 



C. SFe measurements at different pressures 

As another appHcation RB scattering profiles were 
measured in sulphur-hexafiuoride (SFe) gas, the molec- 
ular species with the largest scattering cross section^^. 
Figure [9] shows the measured scattering profiles of SFe 
at 200 mbar (indicated in black) and 3000 mbar (indi- 
cated in red). For 200 mbar, the normalized scatter- 
ing profile closely resembles a Gaussian shape, resulting 
from Doppler Broadening. In the normalized spectrum 
at 3000 mbar the Brillouin side peaks. Stokes and anti- 
Stokes shifted from the center have become more pro- 
nounced than the central Rayleigh peak. The maximal 
measured intensity for 200 mbar are 1900 counts/s, while 
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for 3000 mbar 27,500 counts/s are recorded. At these 
large amounts of photon counts the scattering profiles 
are smoothly resolved; even at low pressures the noise 
level at the peak amplitude is within the 1% level. 



IV. CONCLUSION 

In this paper, we describe a new instrument for the sen- 
sitive spectral measurement of Rayleigh-Brillouin scat- 
tering profiles in gases at atmospheric pressures in the 
UV wavelength range; such profiles, in particular for 
air and at UV wavelengths, are of importance for mod- 
ern spaceborne lidar projects such as the ADM-Aeolus 
project^^. By application of frequency doubling of a tita- 
nium: sapphire laser in connection with an enhancement 
cavity, 5 Watt of UV-light is available in the scattering 
volume. The scattering measurements on N2 and SFe 
demonstrate that rms measurement noise levels of 1% 
can be achieved, even when the scattering opening angle 
for scattered RB light is as small as 0.7°. The setup is 
designed to allow for measuring RB profiles as a function 
of temperature in the range — 30°C - 70° C. 
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